The heat capacity of a-bervllium nitride_ Be"N2 , was determined from 20 to 315 K and the thermodynamic properties calculated from 0 to 315 K. The entropy at 298.15 K was found to be 34.4± 0.3 ]IK-mol (8_23 ±0.08 caI/K-mol)~ The precision using a calorimeter of a new design is shown to be ± 0.01 percent over most of the temperature range of the measurements.
Introduction
The results of heat-capacity measurements of a-beryllium nitride, Be3N2, presented between 20 and 315 K in this paper have been obtained in connection with a research program at the National Bureau of Standards to provid~ thermodynamic data on lightelement compounds_ In connection wi'th this program, the high-temperature enthalpy measurements have previously been reported by Douglas and Payne [1] I. Earlier, Satoh [2] reported relative enthalpy measurements at three temperatures in the range 273 to 773 K on a sample of 98.13 weight percent purity, the impurities being 0.78, 0.87, and 0.22 percent BeO, Fe2 03, and Si02 , respectively_ Recently Justice [3] reported measurements in the range 25 to 310 K on a sample of 96.7 weight percent purity.
Apparatus and Method
The low-temperature heat-capacity measurements were made from about 20 to 315 K in an adiabatic calorimeter of a design similar in principle to that described previously [4] . Many design changes have been incorporated in calorimeters that have since been constructed_ Although results of heat-capacity measurements obtained with them have been published, e_g_, references [5, 6, 7, 8] , no detailed descriptions of the calorimeters have been reported at their successive stages of development. Changes have been made to facilitate the assembly of the calorimeter, to achieve better temperature control of the electrical leads, and to improve the quality of automatic control of the adiabatic shield_ In the design of the new calorimeter used for the measurements on beryllium nitride, a provision was made for the calibration, whenever required, of the resistance thermometer attached to the calorimeter vessel during the heat-capacity measurements_ Thus, samples of a wide range of sizes and shapes can be investigated in the calorimeter provided that a resistance thermometer and a thermocouple can be attached in good thermal contact with the sample or the sample "holder." Although the new calorimeter is considered already "obsolete" in some respects, its description is given in this paper for purposes of a record of a stage in calorimeter development. Figure 1 shows a schematic drawing of the calorimeter. Briefly, the double-walled sample vessel containing a resistance thermometer and heater is suspended in a vacuum space by means of a nylon cord. The vessel is thermally shielded from radiation by a thin gold-plated copper "jacket" maintained at the same temperature as the same vesseL The heat conduction along the electrical lead wires to the sample vessel is controlled separately at the "thermometerheater lead control," which also contains the reference platinum resistance thermometer. The thermometer in the sample vessel is calibrated against the reference thermometer in the "thermometer-heater lead control," which is maintained at the same temperature as the sample vessel. For the measurements with beryllium nitride, on which the performance of the calorimeter was tested, a calibrated platinum resistance thermometer was incorporated in the sample vessel to test the "calibration method_" The results of the "calibration" are given in section 2.5_ L The calorimeter system was cooled by immersing in a suitable refrigerant as described previously [4] and shown schematically in figure The inner dewar syste m is employed with the following refrige rants: liquid hydroge n, pumped liquid or so lid hydrogen, or pumped liquid or solid nitrogen.
Details of the calorim eter des ign and construction are described in the following sections. Reference to trade names is made only for identification and simplification of description and does not imply in any way the endorsement of the products by the National Bureau of Standards.
Cement
The adhesive used for cementing th e wires and ) thermocouple assembly for thermal contact was , exclusively Glyptal lacquer at full strength or diluted with xylene. After application, the lacq uer was air dried at 130°C for 6 hr.
Wires

.2.1. Electric Lead Wires
The electric lead wires were all 0.160-mm-diam (A WG No. 34) copper, insulated with a heavy coating of Formvar enamel and double silk wrap. Before using the wire, a dilute solution of lacquer (1 part lacq uer to 5 parts xylene) was applied to improve the bonding and abrasion resistance of th e silk in s ulation. The outside diameter of the in sulated wire was about 0.280mm.
_2.2. Thermocouple Wires
The thermoco uple wires (0.127 mm diam) were constantan and Chromel-P ins ulated with double silk wrap. A dilute solution of lac quer was also applied 1 to the wires to improve the bonding and abrasion resistance of the silk insulation. Three methods were used to attach the thermocouples for sensing temperatures. In the first method, -the two thermocouple wires were soldered to thin copper di s ks (5 mm diam X 0.051 mm thick) with a "clearance hole" at the center for a screw. The disks in turn were attached to te mperature-sensing points ("threaded holes ") with screws using thin mica disks (0.013 mm thick) for electrical insulation. A thin layer of lacquer was applied betwee n the surfaces to improve the thermal contact. This method was used to sense the temperature on the "thermometer-heater lead control" and its shield, "ring lead control," and " tempering ring." In the second method, the two thermocoupl e wires were soldered to thin cop per strips (3 mm wide X 20 mm lon g X 0.051 mm thi c k). Th e strips were in turn ce mente d with lacquer to te mp erature-sensin g points using thin mica s heets (0.013 mm thi ck) for electrical insulation _ Thi s method was used on the " thermome terheater lead control" to se nse its te mperature relative to the sample vessel. The strips were arranged parallel to the axi s and around the cylindrical s urface of the "thermometer-heater lead co ntrol " and a double silk insulated copper wire (0.079 mm diam) was wound tightly over the strip s to improve the thermal contact and mechanical stre ngth. A dilute solution of lacquer (1 part lacquer to 3 parts xylene) was applied over the assembly. In the third method, th e two thermoco uple wires were soldered togeth er and placed between two mi ca sheets (0.025 mm thick) ; then a gold-plate d copper sheath (0.20 mm thick) was crimped over them_ A thin layer of lacqu er was applied betw ee n the layers before crimping the copper sheath. These sheathed thermocouples were used with rather broad " Mshaped" holders silver soldered on the radiation shield and on the sample vessel. (Figs-2 and 3 show the sheathed thermocouples both before and after being wedged into the tightly s prung M-shaped holders). A very thin layer of stopcoc k grease was applied to the sheathed thermo co uples used on the sample vessel to improve the thermal contact. The total mass of grease was less than 0.1 mg_
.2.3. Heater Wires
Approximately 75 percent Ni-20 percent Cr alloy was used for the "calorimeter heater" because of its small change in resistance (less than 1 percent) over the temperature range of measurements [10] . The insulation on the wire was double glass-fiber wrap with silicone enamel as the binder. The heater r esistan ce was 100 n.
The heater wires (0.160 mm diam) used for temperature control on the adiabatic shields and " electricallead controls" were copper-nickel alloys insulated with double glass-fiber wrap with silicone enamel as binder. The outside diameter of the ins ulated wires Lf"dd" witt was about 0.340 mm. Alloy wires of different Cu-Ni compositions were selected to yield a total resistance of about 200 n for each of the control heaters.
Adiabatic Shields
The calorimeter sample vessel was "adiabatically shielded" by a combination of a radiation shield, a high vacuum (10-5 torr or better) to minimize gaseous heat conduction, and temperature control of electrical leads to the sample vessel. The temperature of the radiation shield surrounding the sample vessel was controlled independently from that of the electrical leads to the vessel. The details of the design used in the radiation shields and for the control of electrical lead temperature will be given separately. fig. 1 .) The leads were then attached to the "tempering ring" and later attached to the "ring lead-contro!." After the "ring lead-control" the lead wires were attached to the "thermometer-heater lead-control." before going to the sample vessel. At each of the above locations some of the wires branched out to thermocouples and to heaters.
At the "tempering ring," the electrical leads were brought to the temperature of the refrigerant in which the calorimeter was immersed. At the "ring leadcontrol," the temperature of the leads was raised close to that of the "thermometer-heater lead control." At the " thermometer-heater lead control" the leads were maintained at the same temperature as that of the sample vessel. b. Tempering of electric lead wires. The copper lead wires (0.280 mm diam including insulation) were tempered by individually cementing them with lacquer (full strength) into separate, tightly fitting ! grooves (0.254 mm wide X 0.254 mm deep) machined ' "along" the cylindrical copper surface parallel to its axis. 2 The heater wires were tightly wound (helically) over the copper wires and cemented. The "ring lead-control" and "thermometer-heater lead control" were wired in this manner. (See insert of fig. 1 ). On the "tempering ring," where heating was not needed, insulated copper wire was wound over the lead wires to improve the thermal contact and mechan-I ical strength. A dilute solution of lacquer (1 part , lacquer to 3 parts xylene) was applied over the wires. ' 2.3.2. Radiation Shields a. Shield for the calorimeter vessel. This radiation shield was essentially a thin copper shell of 0.810 mm thickness consisting of three sections, a cylinder and two end cones (90°). Screws held the two cones to the cylinder. A thin film of grease was used between the surfaces that were in contact. For the heater wire, an evenly spaced groove (0.620 mm wide X 0.310 mm deep) was machined helically on the cylinder and ' "spirally" on the cones. The distribution of the heater wire grooves was made very nearly the same over the entire shield surface to yield even heating. The , M-shaped thermocouple holders were silver-soldered ' on the inner surface of the shield. The shield was gold-I plated.
A pair of heater wires was wound into the tightly ', fitting groove of the shield. The procedure for winding I the heater wire was first to paint the groove with lacquer (full strength) and to press the wire pair into the groove before the lacquer dried. In the process the excess lacquer was pushed out. Additional lacquer (1 part lacquer to 3 parts xylene) was applied over the I wire and copper shield. The heater wires on the cones and on the cylinder were connected in series.
The sheathed thermocouples for sensing the shield I temperature relative to that of the sample vessel I surface were inserted into the tightly fitting M-shaped holders. A thin layer of lacquer was applied to these surfaces to improve the thermal contact. (See figs. 1 and 3). Thermocouples were attached at five locations on the radiation shield: three on the cylindrical portion and one on each conical ends. The corresponding four locations on the sample vessel were: one at j each end and two on the side. b. Radiation shield for the "thermometer-heater lead control." This shield was designed to be used only . when the thermometer in the sample vessel is being calibrated relative to the reference thermometer installed in the "thermometer-heater lead control." During heat-capacity measurements no electric power is applied to the shield, i.e., the temperature of the shield is not controlled. When the thermometer is being calibrated, the shield and the "ring lead-control" are controlled to be at the same temperature as that of the "thermometer-heater lead control." Under such operating conditions no electric power is needed to maintain the "thermometer-heater lead control" at the same temperature as that of the sample vessel. As explained later, a more satisfactory thermometer calibration is achieved by avoiding the small fluctuations which would otherwise occur in the reference thermometer resistance with any change in the electrical power to the "thermometer-heater lead control." (See section 2.5.1.)
The radiation shield was a thin (0.810 mm thickness) copper cylinder with one end closed with a copper disk of the same thickness. The shield was guld plated and polished. There were no grooves on this shield.
The shield heater wire was wound helically, without overlapping, on the cylindrical portion of the shield using lacquer for cement. A flat heater was cemented on the flat end. The flat heater was prepared by spirally winding the heater wire, wet with lacquer, between two Teflon disks spaced at the thickness of the wire. The heater was removed from between the Teflon disks after drying and cemented to the shield.
Thermocouples
The number of constantan-Chromel-P thermocouple junctions in series between temperature control points . was as follows:
a. between "ring lead-control" and "thermometerheater lead control": 3; b. between "thermometer-heater lead control" and sample vessel: 6; c. between sample vessel and its radiation shield: 4; d. between "thermometer-heater lead control" and its radiation shield: 3. In addition to the above thermocouples, copperconstantan thermocouples were used to check the temperature of the "ring lead-control," the radiation shields, and the "thermometer-heater lead control" relative to that of the "tem pering ring." To achieve temperature control the "tempering ring" was always colder than any of the other "points."
Temperature Control of the Adiabatic Shields
The temperatures of the "ring lead control," "thermometer-heater lead control," and the radiation shields were controlled by adjusting the electric current in the heater wires wound on them. An automatic control system combining electronic and electromechanical equipment was used in conjunction with the differential thermocouples to adjust the heater currents [11] .
Sample Vessel
The cross-sectional views of the sample vessel are shown in figure 1. The vessel was essentially all copper construction with outer surfaces gold plated. The parts of the vessel were assembled with "silver solder." The inner container surface was covered with a thin layer of tin which served also to "solder" the vanes in place. The auxiliary outer thin copper shell served to achieve more reproducible surface temperatures between the vessel plus sample and empty vessel measurements. The thermometer and calorimeter heater were centrally located in a re-entrant well of the inner vessel.
The thermocouple junctions (six) for sensing the temperature difference between the sample vessel and the thermometer-heater leads were enclosed in a single large sheath and inserted in an M-shaped holder at the base of the auxiliary shell. A very thin film of stopcock grease was used to improve the thermal contact. The thermometer and heater leads were also enclosed in the same sheath. Thus, the thermocouples sensed the temperature of the "thermometer-heater lead control" relative to that of the electrical leads at the sample vessel where the thermocouple sheath was in thermal contact. One of the "voltage taps" for the calorimeter vessel heater was located in the thermocouple sheath and the other at the "thermometer-heater lead control." (See fig. 1.) 
Measurement Instruments and Procedures
Temperature Measurements
The platinum resistance thermometers (laboratory designations: 1057849 in the sample vessel and 1066759 in the "thermometer· heater lead control") used in the measurements were calibrated in accordance with the International Practical Temperature Scale of 1968 [12] . The temperatures in T given in this paper are equivalent to the International Practical Kelvin Temperature Scale expressed as T68 in reference [12] .
The measurements of thermometer resistance were made to the nearest 0.00001 D_ Initially a manual
Mueller bridge was used and later an automatic Mueller bridge. The resistance-time observations with the automatic Mueller bridge were obtained on punched cards and were analyzed by means of a computer to calculate the "initial" and "final" thermometer resistances associated with each experimental point.
The observations with the manually operated bridge were processed by means of a desk calculator. As mentioned previously in section 2, the thermometer calibration method was tested by intercomparing the temperature indications of the calibrated platinum resistance thermometers in the sample vessel and in the "thermometer-heater lead control." The calorimeter used in the measurements with beryllium nitride presented in this paper did not have the radiation shield for the "thermometer-heater lead control." (See sec. 2.3.:L(b) .) Hence, electric power was introduced also during thermometer calibration into "thermometer-heater lead control" to maintain its temperature as close as possible to that 'of the sample vessel. Small temperature fluctuation s (corresponding to about 0.2 or 0.5 mK) o~curred in the "thermometer-heater lead control" from the control adjustments ', of the electric poWer, necessitating many rapid 'measurements to obtain a suitable averag~. The results of th e "calibration" at a few selected temperatures are s ummarized in table 1. The maximum spread is 4 mK. The thermometer ' in the " thermometerheater lead control" indicated more often higher temperatures than the thermometer in the sample vessel, but this deviation may be partially due to the difference in the temperature interpolation of the thermometers [9] . The degree of agreement in the temperature scale is satisfactory for heat-capacity measurements , particularly since the calibration data at many temperature points will be fitted by the method of least squares to equations in R (T) and the te mperature changes corresponding to the observed sample vessel thermometer resistances calculated from the equations. In another calorimeter [21] , identical in every respect to that used with beryllium nitride, a radiation shield was added around the "thermometer-heater lead control" to b e used during thermometer calibration. When thi s radiation shield and the "ring lead-control" were controlled to be at the same temperature as that of the "thermometer-heater lead control," no electric power was needed to maintain the "thermometer-heater lead control" at the same temperature as that of the sample vessel. This added feature eliminated the small fluctuations in the "thermometer-heater lead control" that occurred with the control current adjustments. The calibration results obtained were comparable to those given in table 1, except that the measurements were more uniform and were obtainable more leisurely. Figure 1 shows the location of this auxiliary radiation shield and the calorimeter description given earlier in this paper includes this shield.
Electric Power and Time Interval Measurements
The calorimeter heater circuit employed was sImIlar to that previously described [11] . The electrical e nergy, I1Q, introduced into the calorimeter was determined from the product of the average calorimeter heater voltage, e, the current, 't, and the time interval, T, of electric power input:
(1)
The average e and f were obtained from a series of voltage observations made at equally spaced times during the heating period. A Wenner potentiometer in conjunction with a volt box, standard resistors, and saturated standard cells was used in the measurements. The standard resistors and the standard cells were calibrated at the National Bureau of Standards in terms of the national standards. A constant current supply, stable to about 2 parts per million (ppm), was the source of power for the calorimeter heater. By using the constant current supply in conjunction with the Ni-Cr alloy wire oflow temperature-coefficient of resistance for the calorimeter heater, the heater voltage did not change during the heating period by more than 0.01 percent per minute over the entire temperature range of the heat-capacity measurements. Thus , the relatively slowly changing voltage was read quite conveniently, arid with ease, to the five-to sixfigure capability of the Wenner potentiometer.
The duration of each heating period T was measured by means of a high-precision interval timer operated on the 60-Hz frequency standard provided at the National Bureau of Standards. The 60-Hz frequency standard is based on a lOO-kHz quartz oscillator which is stable to 0.5 ppm. As a check, an electronic counter based on a thermostated I-MHz quartz oscillator was used simultaneously in the measurement of the heatingperiod. The electronic counter was checked periodically with a IOO-kHz frequency standard wired into the laboratory. The estimated uncertainty in the determination of the heating interval was not greater than ± 0.01 s for any heating period, none of which was less than 2 min in thes e experiments.
Sample
The Be3N2 sample was specially prepared for the measurements by the Brush Beryllium Company, Cleveland, Ohio, by reacting pure nitrogen and beryllium powder at elevated temperatures and crushing the product to particle sizes between 20 and 50 mesh (0.8 and 0.3 mm sieve openings, respectively). The material received was thoroughly mixed in a controlled-atmosphere box containing dry argon (dew-point: -70°C) and samples were apportioned for chemical analysis, for the high-temperature relative enthalpy measurements [1] , and for the lowtemperature heat-capacity measurements described in this paper. The samples for the chemical analysis and the high-temperature enthalpy measurements were sealed in test tubes under dry argon. The sample that was poured into the low-temperature calorimeter vess el weighed 97.415 g. The calorimeter vessel containing the sample was pumped at high vacuum and purged with dry helium gas several times and finally, helium gas at a pressure of 9300N/m 2 (70 torr) was sealed in the container with the sample. 3 After completion of the measurements, the calorimeter vessel was opened in the controlled-atmosphere box and the sample was divided and sealed in polyethylene bags for chemical analysis. The sealed polyethylene bags were placed individually in screw cap jars which > were in turn placed in desiccators, the whole operation being done in the controlled-atmosphere box.
The results of spectrochemical analysis of the sample obtained by the NBS Spectrochemical Analysis Section are summarized in table 2_ Only the impurity elements that were detected are listed. The results of the c hemical analyses on the material obtained by the Microchemical Analysis Section of the Bureau before and after the calorim etric measure ments are given in table 3. For the nitrogen and total beryllium analyses, about 0.3-g samples we re first dissolved in dilute hydroc hloric acid and the solution diluted to 250 cm 3 in a volumetric flask. A 10-cm3 aliquot was analyzed for nitrogen using the Kjeldahl method, the ammonia being titrated with 0.01 N hydrochloric acid that had been standardized against ammonium dihydrogen phosphate by means of the Kjeldahl procedure. The total beryllium was determine d by precipitating the beryllium hydroxide in a 1O-cm 3 aliquot with ammonium hydroxide. The beryllium hydroxide was filtered, ignited, and weighed as BeO. The fre e beryllium was determin ed by dissolving 2-g samples in hydrochloric acid. The hydroge n formed was dried, converted to water, and weighed. No analysis was made for beryllium carbide, Be2C. The analysis for free beryllium would include Be2C, which forms methane and then water under the conditions of the analysis. The apparently low free beryllium analysis indicates very little Be2C , if any. The analysis for water represents all forms of hydrogen present in the sample. Samples (20 mg) were heated at 1050°C in a carbon-hydrogen-nitrogen analyzer and the amount of water driven off was deter- Chemical a nalys is by R. A. Paulson, NBS Mic roc he mi ca l Analysis Section Oxyge n analysis by a ctiv ation me thod, S. Nargo lw all a, NBS Ac tivatio n Anal ys is Section mined. The oxygen was de termined by a nondes tru ctive 14-Mev neutron activation technique_ Five determi nations were made using 6-g samples. The results of the chemical analysis were found to be inconsistent and unexpected . The decrease in the free beryllium content in the samples before and after the measureme nts cannot be attributed to chemical reactions at temperatures of the measurements_ (Small heat effects were observed above about 320 K. See later parts of this section for further details)_ The difference is probably due to nonhomogeneity in the material, although relatively large samples (2 g) were used in this determination_
The decrease in the total beryllium content because of a chemical reaction during the heat measurements does not seem possible. If the observed heat effects resulted from a chemical reaction within the sample, the expected reaction would be:
This should lead to an increase in the apparent beryllium content, since the ammonia would be lost on opening the sample vessel.
For the material removed from the calorimeter vessel after the heat measurements, the mass balance for beryllium found is not consistent in terms of the analyses obtained. The analyses for N, 0, and total Be sum to 100.01 percent and the addition of H (0.13 percent) found as water makes the total weight percent 100.14. This is within the expected limits of accuracy of the chemical analyses. On the other hand, if the analysis shown in table 3 for water . is ignored, the remaining analyses would become consistent on the basis that the substances present are only Be3N2, BeO, and Be metal. All of the oxygen (2.38 percent) would then be taken to be present as BeO, which corresponds to 3.73 percent BeO or 1.34 percent Be. When the percentages of Be as Be3N2 and as Be metal are added to 1.34 percent, the total "calculated" Be is 48.61 percent. This is within the limits of chemical analysis found for total Be (48.70 percent). When the 96.15 percent Be3N 2, based on the nitrogen analysis, is added to the percentages of BeO and Be metal, the total weight percent is 99.92 percent. The analyses for total beryllium, nitrogen, and oxygen, as mentioned earlier, sum to 100.01 percent. These values are all within the limits of the chemical analysis.
The source of heat effects observed during the measurements (to be described later) can not be explained in terms of the known possible chemical reaction within the sample. The possible chemical reaction depicted by eq (2), in which the water from Be(OHh reacts with Be3N2 to form BeO and NH3, is not consistent with the chemical analyses. The reaction is obviously not possible if the water is securely held at the temperatures of the heat measurements. Duval and Duval [14] interpreted their thermal gravimetric analysis work to indicate that the decomposition of Be(OHh starts around 150°C and that complete decomposition of Be(OHh to BeO and H20 occurs only on heating to 951°C. The observed loss in mass at temperatures below 150 °C was attributed to adsorbed water in their sample. If any moisture were present in the sample that was used in the work reported here, it was adsorbed between the times the sample was removed from the furnace and received from the supplier.
After careful consideration of the various possibilities that could be selected on the basis of the chemical analyses and the estimated uncertainties that would arise from them, the choice was made to ignore the analysis obtained for water in the reduction of , the heat-capacity measurements. The sample was taken to be 96.23 percent Be3N2, 3.73 percent BeO, and 0.04 percent Be metal and corrections were I applied to the observed values of heat capacity for BeO [15] and Be metal [16] .
Two crystalline modifications of Be 3N 2 have been reported, the a -Be3N2 of bcc lattice with anti-Mn203 structure [17, 18] and the f3 -Be3 N2 of hexagonal I structure [18] . The a -Be3N2 transforms into the f3 -Be3N2 form at 1400°C [18] . The x-ray examination , by the NBS Crystallography Section of the sample I after the heat-capacity measurements showed only the a-Be3N2 form within the limits of analysis of the method.
Results and Method of Data Reduction
Two series of measurements were made, one on the calorimeter vessel with sample (gross) and the other on the empty vessel (tare). Briefly, the measured I energy increments (AQ) and the corresponding ther-I mometer resistances (R) before and after heating for the two series of measurements were analyzed on the high-speed digital computer to obtain dQ/dR of the sample as a function of the thermometer resistance [19] . After adjusting for the helium exchange gas used with the Be3N2 sample, the values of heat capacity (dQ/dT) of the sample were then calculated at even temperatures from the dR/dT and the R-T calibration, for the thermometer using the relation:
In greater detail, the analysis procedure was to obtain first the best polynomial equation of the form dQ/dR = L anR n (4) to represent the exper,imental data on the empty calorimeter vessel (tare) [20] . The polynomial equation for tare measurements was then evaluated at the thermometer resistances observed for the gross measurements in order to obtain the energy increments for sample only (net) from the observations on the calorimeter vessel plus sample experiments, i.e., AQn(sample) = AQR(gross) -AQII(tare). (5) (Hereafter, AQR(sample) will also be referred to as observed data on the sample and the correspondingquantity AQ/ AT( sample) as observed sample heat capacity). The best polynomial equation giving dQ/dR for the sample only was then obtained and dQ/dT calculated according to eq (3) above.
. . 
Consecutive nlf-'a SUrcntc nt !' ohtai ned durin~ the day are eonn(,('led by lint's. Figure 4 shows the deviation of the experimental data on the empty container from corresponding values calculated from the polynomial equation fitted by the method of least squares to the energy-resistance observations. The range of the polynomial was from n = -4 to n = + 10 (see eq (4)). The root-mean-square (rms) of the percentage deviation of all data from the polynomial equation was 0.02 percent. For the final reduction of the data the two poor points shown in figure 4 were not considered; the rms of the percentage deviation of the remaining data was 0.008 percent. Due to increasingly poorer precision at the lowest experimental temperatures the sample data were fitted with two overlapping equations. Figure 5 shows the deviation of the sample data from the polynomial (n ranging from 0 to 4) fitted to the data over the temperature range 20 to 110 K and figure 6 the deviation of the data from the polynomial (n ranging from -2 to + 10) fitted over the temperature range 60 to 315 K. Heat capacity values calculated from the two equations agreed within 0.02 percent over the temperature range 80 to 100 K. The heat capacity values obtained from the two equations were joined at 90 K. The rms of the percentage deviation of the observed sample heat capacity from the polynomial equations is 0_06 percent above 50 K. The deviation increases below 50 K. Figures 5 and 6 show the precision of the gross measurements; the boundary curves represent the effect on the final smooth values of a change of 0.025 percent in the values of the heat-capacity measurements for the empty and filled sample vessel; e_g., at 100 K ( fig. 6 ), a change in the heat capacity of 0.025 percent of the empty vessel causes slightly less than 0.1 percent change on the sample while a similar change of the gross measurements causes about 0.12 percent change on the sample. Co nsecutive meas urem ents obtain ed during the day are connected by Jjnes.
~O.O~" % OF TARE OBSERVATIONS
the heating above 320 K did not make a large change in th e h eat capacity of the sample, at the most about 0.5 percent at 100 K. The comparison shows that the heat capacity of the sample was not affected grossly when heated above 320 K. The values of heat capacity of Be3N2 that were generated at evenly spaced temperatures from dQldR in accordance with eq (2) were corrected for BeO [15] and Be metal [16] and converted to molal basis. The molecular weight was taken to be 55.05 g, based on the 1961 atomic weight scale [22] . These molal values were analyzed further for extrapolation to o K. The final selected values below 20 K are based on th e extrapolation of the experimental heat capacity using the heat-capacity function:
The final smoothed values of heat capacity have a relatively large un certainty arising from the possible impurities in the sample. Above 100 K the estimated unce rtainty is 0.5 percent and below this temperature 1 percent. 4 The values of heat capacity from 0 to 315 K were applied in the usual thermodynamic relations:
and (7) (8) (9) to obtain the thermodynamic properties. The values are given in table 4. 4 The unce rt ai nt y, as used with the values obta ined. in this pape r a nd indicated hy the sy mbol ±, is a n estimat e reac hed by exam ining co ntributi ons to th e in acc uracy from imprecision and possibl e systemati c errors in th e measurements. Th e authors estim ate that th ere is a 50-SO c hance that th e e rror is no larger than that indica ted.
1ustice [3] recently reported heat-capacity measure· ments on a -Be3N2 of 96.7 perce nt purity. The significant impurities were BeO -2.7 percent, Be metal-0.2 percent, C-O.l percent, and F e -0.3 percent. The entropy at 298.15 K that 1 ustice [3] reported is 8.170 callK' mol, which is in good agree· ment with that (8.23 ± 0.08 callK· mol) found in this investigation. The values of heat capacity obtained also join satisfactorily, in both th e magnitude of heat capacity and its slope, with those de rived from the high-temperature relative enthalpy meas ure me nts reported by Douglas and Payne [I) . (See Dou glas and Payne [1] for tables of thermodynami c properties of Be3N2 up to 1200 K).
The results presented in this paper (figs. 5, 6, and 7) show that the precision obtained on the empty vesse l is ± 0.01 percent over the entire temperature range of the measurements, while on the vessel with sample the precision is ± 0.01 only above about 50 K. There is 'no explanation for the precision of the gross meas urements to be poorer than that of the tare measurements at th e lower tem peratures. A large part of the appare ntly poorer pre cision of the sample data at the lower te mperatures is believed to be caused by th e poorer fit of the equation to the sample data. The trends in the deviations shown in figure 5 partially support this belief. A part of the poorer equational fit to the sample data may be caused by the choice of the equation to represent the tare data, resulting in a complex net sample data to be fit by an equation. A highquality fit of the gross data is also not easily achieved because of the combined contribution of the sample and vessel. Because of the poor quality of the_be ryllium nitride sample, an intensive experime ntal study of these questions was considered inadvisable. Also, the uncertainty at these lower te mperature contributes very little to the overall uncertainty in 5 298 . Therefore, no further experime ntal measurements were made on beryllium nitride. The study of these "finer details" is planned when an opportunity arises on a material of high purity. 
